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ABSTRACT 


The  mutagenic  potential  of  guanidine  nitrate  (TPOTD)  was  assessed 
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Tester  strains  TA98,  TA100,  TAl'jVi,  TA1  VS7  ,  and  TA1S<8  were  exposed  to 
doses  ranging  from  5  mg/plate  to  0.001  A  mg/plate.  The  Jest:  compound 
was  not  mutagenic  under  conditions  of  this  assay. 
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Mutagenic  Potential  cf:  Guanidine  Nitrate — Sano  and  Korte 


The  Ames  Salmonella/Maramalian  Microsirae  Mutagenicity  Assay  is  a 
Short-term  screening  assay  that  utilizes  histidine  auxotrophic  mutant 
strains  of  Salmonella  typhlmurium  to  det  ;ct  those  compounds  which  are 
potentially  mutagenic  in  mammals.  A  mamnalian  microsomal  enzyme 
system  is  incorporated  in  the  assay  to  i  icrease  sensitivity  by 
simulating  in  vivo  metabolic  activation  af  the  test  compound.  The 
Ames  assay  is  an  inexpensive  yet  highly  predictive  and  reliable  assay 
tor  detecting  mutagenic  activity  and  thus  carcinogenic  potential  (1). 

Objective  of  the  Study 

1  The  objective  of  this  study  was  to  determine  the  mutagenic 
potential  of  guanidine  nitrate  (LAIR  Code  TP030)  by  using  the  Ames 
Salmonella/Mammalian  Microsome  Mutagenic  Assay. 

METHODS 

ffest  Compound 

Chemical  name:  Guanidine  _tate 

Chemical  Abstract  Service  Registry  No.:  506-93-4 

Structural  formula: 


H,N 


HjN 


\=  NH? 


NO 


0 


Empirical  formula:  CH  N  HNO 

5  3  3 
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Storage:  Five  hundred  grams  of  guanidine  nitrate  (Lot  Number 

123820)  was  received  from  Chemical  Dynamics  Corporation  (South 
Plainfield,  NJ)  on  2A  February  1984  and  assigned  the  LAIR  Code  number 
TPO30.  The  test  compound  was  stored  at  room  temperature  (21°C)  until 
use . 


Chemical  Properties/Analysis:  Data  characterizing  the  composition 
and  stability  of  the  test  material  are  detailed  in  Appendix  A. 

Test  Solvent 


Positive  control  chemicals  were  dissolved  in  grade  I  dimethyl 
sulfoxide  (lot  100F-0269)  obtained  from  Sigma  Chemical  Co.  (St  Louis, 
MO)  . 

Test  compound  was  dissolved  in  sterile,  deionized  water  obtained 
ftom  a  Polymetrics  Model  200-1  Water  Purifer  (Sunnyvale,  CA) . 

Chemical  P  r  »■  pa  r  a  t  i  o  n 


Guanidine  nitrate  was  stored  at  room  temperature  (21°C)  until  use. 
On  the  day  before  dosing,  300  my  of  the  test  compound  was  measured 
into  a  sterile  vial  and  again  stored  at  room  temperature.  On  the  day 
of  dosing,  the  300  mg  sample  was  dissolved  in  a  6  ml  volume  of 
autoclaved  water  from  a  polymetrics  water  filter  system  to  achieve  a  : 
3/.  (w/v)  solution.  Aliquots  of  this  solution  were  used  to  dose  the  j 
test  plates.  The  dosing  procedure  was  completed  within  20  minutes  of 
dissolving  the  test  compound. 

Test  Strains 

Salmonella  strains  TA98,  TA100,  TA1535,  TA1537,  and  TA1338, 
obtained  directly  from  Dr.  Bruce  Ames,  University  of  California, 
Berkeley,  were  used.  These  strains  were  maintained  in  our  laboratory! 
at  -80°C.  Ouality  controls  icrc  run  concurrently  with  the  test 
•  distance  ro  establish  the  viliility  of  their  special  features  and  to 
d>  ’ e r  ■  ' ne  the  spontaneous  rr  "r-ion  rate.  Descriptions  of  the 
■  .  r  'heir  genetic  markers,  and  the  methods  for  strain  validation 

•.  s  given  HI  t  ne  L\TR  SOP,  OP-STX-l  (2). 


Test  Format 

Guanidine  niirait  war-  eviiunted  for  mutagenic  potential  according 
'  (>  the  methods  of  a  in  s  ■  >!  il  (,  )  .  A  detailed  desc  ri  pt  i  or.  ot  the 

methodology  is  >iven  in  LAFR  SOP,  0P-STX-1  (2). 


.1 

-I 
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|  Toxicity  Tests 

Toxicity  tests  were  conducted  to  determine  a  sublethal 
concentration  of  the  test  substance.  This  toxicity  level  was  found  by 
using  minimal  glucose  agar  (MGA)  plates,  concentrations  of  guanidine 
jnitrate  ranging  from  1.6  x  10”  ^  mg/plate  to  5  mg/plate,  and 
japproximately  10®  cells  of  TA100  per  plate.  Top  agar  containing  trace 
^amounts  of  histidine  and  biotin  were  placed  on  the  plates.  Strain 
(verification  was  confirmed  on  the  bacteria,  along  with  a  determination 
jof  the  spontaneous  reversion  rate.  After  incubation,  the  growth  on 
the  plates  was  observed.  Since  none  of  the  plates  showed  decreased 
jmacrocolony  formation  (below  the  level  of  the  spontaneous  reversion 
(plates)  or  an  observable  reduction  in  the  density  of  the  background 
lawn,  a  maximum  "limit”  dose  of  5  mg  per  plate  was  used  in  the 
imutagenicity  assay. 

Mutagenicity  Assay 

!  The  test  substance  was  evaluated  over  a  1000-fold  range  of 
iconcentrations ,  decreasing  from  the  minimum  toxic  level  (the  maximum 
:or  limit  dose)  by  a  dilution  factor  of  5  both  with  and  without  0.5  ml 
jof  the  S-9  microsome  fraction.  The  S-9  was  purchased  from  Litton 
jBionetics  (Kensington,  MD) .  The  optimal  titer  of  this  S-9,  as 
'determined  by  Litton  Bionetics,  was  0.75  mg  protein/ plate .  After  all 
!the  ingredients  were  added,  the  top  agar  was  mixed,  then  overlaid  on 
:MGA  plates.  These  plates  contained  2%  glucose  and  Vogel  Bonner  "E” 
'Concentrate  (4).  The  water  used  in  this  medium  and  in  all  reagents 
came  from  a  polymetric  system.  Plates  were  incubated,  upside  down  in 
the  dark,  at  37°C  for  48  hours.  Plates  were  prepared  in  triplicate 
•and  the  average  revertant  counts  were  recorded.  The  average  number  of 
revertants  at  each  dose  level  was  compared  to  the  average  number  of 
spontaneous  revertants  (negativ  control).  No  vehicle  control  was 
required  as  the  test  compound  as  diluted  in  water.  The  spontaneous 
reversion  rate  (with  and  without  S-9)  was  monitored  by  averaging  the 
counts  from  two  determinations  run  simultaneously  with  the  test 
compound  .  "  The  spontaneous  reversion  rate  was  determined  by 

inoculating  v,.  t  of  places  before  and  one  set  after  the  test 
compound  assay  ,  es  ,o  that  any  change  in  spontaneous  reversion  rate 
during  the  dosing  \ocedure  would  be  detected.  This  spontaneous 
reversion  rate  wa'  .iso  compared  with  historical  values  for  this 
'laboratory  and  f  ,se  cited  in  Ames  et  al  (3).  Concurrent  sterility 
and  strain  verif  :ation  controls  were  run.  All  reagents,  test 
compounds.  *n i  rat  ia  were  checked  for  sterility  by  plating  samples  of 
each  on  MGA  media  and  incubating  them  at  37°C  with  the  test  plates. 

The  Salmonella  strains  were  verified  by  a  standard  battery  of  tests. 


The  following  tests  were  run  to  determine  if: 


-  Lipopolysaccharide  layer  (LP)  alteration  causes  growth  i 

inhibition  in  the  presence  of  crystal  violet. 

-  An  ampicillin-resistant  R  factor  has  allowed  growth  in  strains 
TA98  and  TA100  in  the  presence  of  ampicillin  impregnated 

disks.  ' 

i 

< 

-  Absence  of  excision  repair  mechanism  has  inhibited  growth  in  j 
the  presence  of  ultraviolet  light. 

Four  known  mutagens  were  tested  as  positive  controls  to  confirm 
the  responsiveness  of  the  strains  to  the  mutation  process.  These 
compounds,  benzo  [a]  pyrene,  2-aminof luorene ,  aminoanthracene  and  N-  • 
methyl-n'-ni tro-n-ni trosoguani dine ,  were  obtained  from  Sigma  Chemical 
Co  (St  Louis,  MO).  The  test  and  mutagens  compound  were  handled  during  ! 
this  study  in  accordance  with  the  standards  published  in  NIH 
Guidelines  for  the  Laboratory  Use  of  Chemical  Carcinogens  ( DHHS 
Publication  No.  (NIH)  81-2385,  May  1981).  j 

I 

Data  Interpretation 

| 

According  to  Ames  et  al  (3),  a  compound  is  considered  mutagenic  if 
the  following  criteria  are  met: 

-  The  test  compound  causes  revertant  colony  counts  greater  than 
or  equal  to  twice  the  spontaneous  revertant  rate. 

-  The  test  compound  produces  a  correlated  dose  response 
relationship. 

RESULTS 

On  21  March  1984,  the  toxicity  level  determination  was  performed 
>n  guanidine  nitrate  (Table  1).  For  this  experiment  all  sterility, 
train  verification,  and  negative  controls  were  normal  (Table  2).  No 
oxicity  was  observed  after  exposure  of  the  tester  strain  (TA100)  to 
he  highest  dose  used  (5  mg/plate). 

Normal  results  were  obtained  for  all  sterility,  strain 
verification,  and  negative  controls  during  the  Ames  Assay  performed  on 
.!8-30  March  1984  (Tables  3-4).  No  revertant  counts  were  obtained  that 
exceeded  double  the  spontaneous  reversion  rate  following  exposure  of 
the  bacterial  strains  to  the  test  compound  (Table  5). 


TABLE  3 


MNNG  »  N-methyl-n ’-nltro-n-nitrosoguanldine 
$5$  Indicates  colony  counts  exceeded  1000 


TABLE  5 


I 


GUANIDINE  NITRATE  ASSAY 
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DISCUSSION 

Certain  test  criteria  must  be  satisfied  before  an  Ames  assay  can 
be  considered  a  valid  assessment  of  a  compound's  mutagenic  potential. 
First,  the  special  features  of  the  Ames  strains  must  be  verified. 
These  features  include  demonstration  of  ampicillin  resistance,  LF 
layer  alterations,  and  DNA  excision  repair  deficiencies.  Second,  the 
Salmonella  strains  must  be  shown  to  be  responsive  to  the  mutagenic 
process  by  exposing  the  strains  to  known  mutagens.  Third,  the  optima 
concentration  of  the  test  compound  must  be  determined  by  treating 
TA100  with  a  broad  range  of  doses  and  observing  the  potential  toxic 
effects  on  macrocolony  and  microcolony  formation.  Tf  these  tests  ire 
performed  and  expected  data  are  obtained,  then  the  resulting  Amis  tes 
can  be  considered  valid. 

After  validation  of  bacterial  strains  and  selection  ot  optimal 
sublethal  doses,  guanidine  nitrate  was  evaluated  in  the  Ames  assay. 

Tn  no  instance  did  the  test  compound  elicit  a  doubling  of  the 
spontaneous  reversion  rate  or  a  cori elated  dose  response  relationship 
Thus,  the  results  of  this  study  indicate  guanidine  nitrate  is  not 
mutagenic  when  evaluated  in  the  Ames  assay. 

CONCLUSION 

Guanidine  nitrate  is  not  mutagenic  in  the  Ames  assay  at  the  dose 
levels  tested. 

RECOMMENDATION 

Guanidine  nitrate  should  undergo  further  toxicity  testing  in 
accordance  with  Toxic  Substances  Control  Act  regulations. 
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CHEMICAL  DATA 


Chemical  Name:  Guanidine  Nitrate 
Structural  formula: 


h2n 

XC=NHf 


Empirical  formula:  CH^N^.HNO^ 

Molecular  weight:  122 

Physical  state:  White  crystalline  powder 

Stability:  Extremely  stable  at  room  temperature 

Melting  point:  214°C 

Source:  Chemical  Dynamics  Corporation 
Hadley  Road  PO  Box  395 
South  Plainfield,  'JJ 

Manufacturer's  lot  No.:  l23820 

Analytical  data/purily:  Infrared  spectrophotometry  was  performed 

on  1  March  1984  and  was  identical  with 
published  standards  (The  Sadtler  Research 
Laborat orios*  Sadtler  standard  spectra. 
Philadelphia:  The  Sadtler  Researcli 
Laboratories,  1964:  14498).  Major 
absorption  peaks  were  observed  at  3330 
(broad),  lh60,  1525,  1400,  1300,  1050, 
and  7  80cm~ ! . 
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Washington  DC  20314 


HQ  DA  (DASC-ZXA) 

WASH  DC  20310 

Commandant 

Academy  of  Health  Sciences 

ATTN  HSHA-CDM 

Fort  Sam  Houston  TX  78234 

Assistant  Dean 

Institute  and  Research  Support 
Uniformed  Senices  University 
of  Health  Sciences 
6917  Arlington  Road 
Bethesda  MD  20014 

Commander 

US  Army  Environmental  Hygiene  Agency 
Aberdeen  Proving  Ground  MD  21070 


■  Armv  Research  Office 
At  i  N  Chemical  and  Biological  Sciences 

Division 
P.0  Box  1721 

Research  Triangle  Park  NC  27709 

Bi  vlogicaJ  Sciences  Division 
Office  of  Naval  Research 
Arlington  VA  22217 

Director  of  Life  Sciences 

USAF  Office  of  Scientific  Research  (AFSC) 

Bolling  AFB 

Washington  PC  20332 


Commander 

US  Army  Medical  Research  Institute 
of  Infectious  Diseases 
Fort  Detrick,  Frederick  MD  21701 

Commander 

US  Army  Research  Institute 
of  Environmental  Medicine 
Natick  MA  01760 

Commander 

US  Army  Institute  of  Surgical  Research 
Brooke  Army  Medical  Center 
Fort  Sam  Houston  TX  78234 


Commander 

US  Army  Medical  Bioengineering 

Research  and  Development  Laboratory 
Fort  Detrick,  Frederick  MD  21701 

Commander 

US  Army  Aeromedical  Research  Laboratory 
Fort  Rucker  AL  36362 


Commander 

US  Army  Research  Institute 
of  Chemical  Defense 
Aberdeen  Proving  Ground 
Edgewood  Arsenal  MD  21010 


Commander 

USAF  School  of  Aerospace  Medicine 
Aerospace  Medical  Division 
Brooks  A/r  Force  Base  TX  78235 


END 
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